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TECHNICAL NOTE D-147 

STATISTICAL MEASUREDENTS OF CONTACT CONDITIONS OF 

COMMERCUU, TRANSPORTS W I N G  ON AIRPORTS AT AN 

ALTITUDE OF 5,3CO FEET AND AT SEA LFVEL 

By Norman S. Si lsby and Sadie P. Livingston 

SUMMARY 

An invest igat ion has been made t o  determine the  e f f ec t  of a l t i t u d e  
on the  s t a t i s t i c a l  landing contact conditions of commercial t ransports  
during routine daytime operations. A comparison i s  made between measure- 
z m % s  3f 170 landings a t  Eile-high Stapleton Airf ie ld ,  Deriver, Colorado 
( a l t i t u d e  5,303 f e e t )  with a s t a t i s t i c a l l y  homogeEeous sample of 170 
landings made a t  sea-level Internat ional  Airport, San Francisco, 
California ( a l t i t u d e  11 f e e t  ) . 

The analysis  indicated tha t  the only f a i r l y  de f in i t e  e f f ec t  due t o  
a l t i t u d e  was on the v e r t i c a l  velocity, which w a s  t o  reduce the  severity,  
on the  average, f o r  landings made a t  the  higher a l t i t ude .  The mean ver- 
t i c a l  veloci ty  at the  mile-high Stapleton Ai r f i e ld  w a s  0.92 f t / s ec  com- 
pared t o  the mean value of ve r t i ca l  veloci ty  a t  San Francisco of 
1.27 f t / s ec .  The airspeeds, expressed i n  percentage above the  s t a l l i n g  
speed, were v i r tua l ly  the same at  both a i rpor t s ,  with mean values of 
24 percent and 25 percent above the s ta l l  f o r  Denver and San Francisco, 
respectively.  There were s ignif icant  differences i n  the s t a t i s t i c s  of 
touchdown distances from the runway threshold, r o l l i n g  ve loc i t ies ,  and 
bank angles between the Denver and San Francisco landings. Evidence 
indicated t h a t  these differences may have been p a r t i a l l y  the  r e s u l t  of 
the differences i n  wind velocity pa ra l l e l  t o  the  runway a t  the  two 
a i rpo r t s .  For t h i s  reason, the e f fec t  of a l t i t u d e  on these contact 
conditions could not be determined. 

INTRODUCTION 

The manner i n  which airplanes a re  landed i n  routine operations i s  
of primary concern i n  s e t t i ng  l imitat ions on the  operation of a i rplanes 
on ex is t ing  runways, i n  the design of new runways, i n  the  design of air- 
planes themselves, and t o  some extent i n  the  overa l l  sa fe ty  of f l i g h t  
operations. The National Aeronautics and Space Administration has been 
obtaining s t a t i s t i c a l  data on the landing contact conditions of land- 
based a i r c r a f t  during routine daytime operations f o r  both military-ty-pe 
and present-day t ransport  airplanes.  Results fo r  the  t ransport  a i rplanes 



( a l l  propeller driven) a r e  presented i n  reference 1. Results fo r  mi l i ta ry-  
type airplanes,  which include some je t -propel led types, a r e  presented i n  
references 2 t o  5 .  
l e v e l  a i rpor t s .  A question ms ra i sed  as t o  a possible  e f f ec t  of a l t i t u d e  
on t h e  contact conditions. Consideration of t he  lower density a t  a l t i t u d e  
suggested t h a t  the  contact conditions might be somewhat more severe, on 
the  average, i n  landings on t e r r a i n  above sea leve l .  Therefore, a recent 
invest igat ion was undertaken t o  obtain comparable measurements a t  a m i l e -  
high a i rpor t  (Stapleton Air f ie ld ,  Denver, Colorado) and a t  a sea- level  
a i r p o r t  ( In te rna t iona l  Airport ,  San Francisco, Cal i forn ia) .  Several air- 
l i n e s  serve each a i rpo r t  i n  su f f i c i en t  volume of t he  various current t rans-  
port  airplanes t o  permit a subs tan t ia l  amount of s t a t i s t i c a l  data t o  be 
obtained i n  a r e l a t i v e l y  short  t i m e .  
were obtained a t  Denver and about 670 rout ine landings a t  San Francisco. 

A l l  these published da ta  r e l a t e  e s sen t i a l ly  t o  sea- 

About 185 rout ine operat ional  landings 

APPARATUS AND METHOD 

The measurements were made from 35-millimeter photographic records 
of t h e  landings obtained according t o  a method described i n  reference 6.  
The equipment consis ts  e s sen t i a l ly  of  a constant-speed 35-millimeter 
motion-picture camera f i t t e d  with a telephoto lens  of 40-inch f o c a l  
length supported on a v e r t i c a l  shaf t  which provides f o r  t racking t h e  
airplane only i n  azimuth. 
up t h e  camera a t  about 1,000 f e e t  f r o m t h e  runway so t h a t  it o f f e r s  no 
obstruction t o  a i r c r a f t  on the  a i rpo r t  proper. Further d e t a i l s  of t he  
method used and of t he  reduction of t h e  data, including formulas t o  
obtain the landing contact conditions of v e r t i c a l  veloci ty ,  horizontal  
velocity,  bank angle, and r o l l i n g  ve loc i ty  can be obtained from re fe r -  
ences l a n d  6.  
t h e  runway from the  threshold were determined from measured azimuth angles 
and simple t r iangula t ion .  
ponent of wind p a r a l l e l  t o  t h e  runway t o  t he  measured horizontal  veloci ty .  

The 40-inch-focal-length lens  permits s e t t i n g  

Locations of touchdown points  t o  obtain distance down 

Airspeeds were determined by adding the  com- 

RESULTS AND DISCUSSION 

The ef fec t  of a l t i t u d e  has been examined by coroparing a sm-ple of 
t he  landing measurements taken a t  Denver ( a l t i t u d e  5,300 f e e t )  with a 
comparable sample having the  same content with regard t o  a i rplane types 
(se lec ted  a t  random f r o m  the  landings made a t  San Francisco ( sea  l e v e l ) ) .  
Thus, a s t a t i s t i c a l  sample of 170 Landings a t  each a i r p o r t  was obtained 
f o r  comparison and analysis .  Although the  content of these 170 landing 
samples with regard t o  number of t h e  various a i rp lane  types i s  nei ther  
per t inent  nor s ign i f icant  as far as the  r e s u l t s  ( e f f e c t  of a l t i t u d e )  a r e  
concerned it i s  given here as a matter of i n t e r e s t  and i s  as follows: 
there  were 49 Convairs, 34 DC-3's, 43 DC-Gls ,  33 DC-GB's, and 11 Constel- 
l a t i ons .  About seven d i f f e ren t  a i r l i n e s  a r e  represented i n  these 
170-landing samples. However, it has been found t h a t  there  i s  no 
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difference i n  t h e  s t a t i s t i c s  of landing contact conditions f o r  d i f f e ren t  
a i r l i n e s  operating the  same type of a i rplane.  

The r e s u l t s  showing the  effect  of a l t i t u d e  on the  landing contact 
conditions are presented i n  figures 1 t o  10 as comparisons of bar  graphs 
and probabi l i ty  curves f o r  the  Denver and San Francisco s t a t i s t i c a l  sam- 
p le s  f o r  each of t he  following quant i t ies :  v e r t i c a l  velocity,  a i rspeed 
(expressed as percent above the  s t a l l ) ,  bank angle, r o l l i n g  veloci ty ,  and 
touchdown dis tance from the  runway threshold.  
imums, and the s t a t i s t i c a l  parameters which establ ished t h e  Pearson 
type I11 probabi l i ty  curves are given i n  t a b l e  I f o r  a l l  t he  contact 
conditions. 

Values of t he  means, max- 

Vertical  Velocity 

A comparison of t he  s t a t i s t i c a l  d i s t r ibu t ions  of v e r t i c a l  ve loc i ty  
i s  shown i n  f igu re  1, which indicates the  frequency of landings i n  per- 
cent occurring i n  various intervals  of 0.5 f t / s e c  of v e r t i c a l  veloci ty .  
The p lo t  shows a marked difference i n  the d i s t r ibu t ions  f o r  t h e  two a i r -  
por t s ,  with t h e  highest  frequency occurring i n  the  in t e rva l  from 
0 t o  0.5 f t / s e c  a t  Denver, whereas the highest  frequency a t  San Francisco 
occurs i n  the  in t e rva l  f rom 1.0 t o  1.5 f t / s e c .  
t r ibu t ion ,  t h a t  is, a l a rge r  number of landings a t  Denver i n  the  lower 
ver t ica l -ve loc i ty  in te rva ls ,  resu l t s  i n  a s t a t i s t i c a l l y  s ign i f i can t  lower 
mean of 0.92 f t / s e c  f o r  Denver compared with t h e  mean value of 1.27 f t / s ec  
for San Francisco. It thus appears t h a t  based on the  data obtained a t  
these two a i r p o r t s  t h e  e f f e c t  of a l t i t ude  is  t o  reduce the  sever i ty  of 
t h e  v e r t i c a l  ve loc i ty  on the  average. The d i s t r ibu t ion  indicates  t h a t  
at each a i r p o r t  t h e  maximum ve r t i ca l  ve loc i ty  occurred i n  t h e  same i n t e r -  
v a l  (3.5 t o  4 f t / s e c ) .  

This difference i n  d is -  

The comparison of t he  probabi l i ty  curves of v e r t i c a l  ve loc i ty  f o r  
these same sets of data  ( f i g .  2 )  indicate that f o r  t h e  lower values of 
v e r t i c a l  ve loc i ty  t o  about 3$ the probabi l i ty  i s  somewhat 

grea te r  t h a t  a of v e r t i c a l  ve loc i ty  w i l l  be equaled or  
exceeded a t  San Francisco than at Denver, whereas above about $ f t / s e c  

the  ind ica t ion  i s  a grea te r  probabi l i ty  that a given v e r t i c a l  ve loc i ty  
w i l l  be equaled o r  exceeded a t  Denver than a t  San Francisco. 
ind ica tes  t h a t  1 out of 1,000 landings a t  e i t h e r  a i r p o r t  w i l l  equal or 
exceed about @ f t / sec .  

2 

The figure 

3 

Airspeed 

The comparison of t he  s t a t i s t i c a l  frequency d i s t r ibu t ions  of t h e  
airspeed a t  contact (expressed i n  percent above the  s ta l l )  occurring i n  
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various intervals  0 t o  10, 10 t o  20, . . . i s  shown i n  f igu re  3. These 
d is t r ibu t ions  f o r  Denver and San Francisco are very sbnilar, with t h e  
maximum frequency occurring i n  the  same range 20 t o  30 percent above t h e  
s t a l l i n g  speed and the  mean airspeed being v i r t u a l l y  t h e  same (24 and 
'25 percent above t h e  s ta l l ) .  
of landings occurring i n  t h e  same highest bracket (50  t o  60 percent above 
the s t a l l i n g  speed) for t h e  two a i rpo r t s .  
altkioughthe percentages above t h e  s t a l l i n g  speed a r e  about t he  same, t h e  
t r u e  airspeeds and the  stalling speeds a re  about 10 percent higher f o r  
Denver than for San Francisco because of t h e  r e l a t i v e  a i r  dens i t ies .  

c 

There w a s  a l s o  about t h e  same percentage 

It should be pointed out t h a t  

The probabi l i ty  curves f o r  t h e  airspeed ( f i g .  4) ind ica te  t h a t  1 
out of  1,000 landings a t  e i t h e r  a i r p o r t  w i l l  probably equal o r  exceed 
60 percent above the  s ta l l .  
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Distance t o  Touchdown Point 

Figure 5 shows the  comparison of t he  frequency d i s t r ibu t ions  of t he  
distances down the  runway t o  the  touchdown poin ts  occurring i n  various 
400-foot in te rva ls  ( 0  t o  400, 400 t o  800, . . ., 2,400 t o  2,800) f o r  t h e  
two a i rpor t s .  Both d i s t r ibu t ions  indicate  t h a t  t h e  maxhum frequency 
(something over 40 percent of t he  landings) of touchdown points  were i n  
the  in te rva l  from 800 t o  1,200 feet .  
1,058 f e e t  a t  San Francisco and 1,151 feet a t  Denver, a difference of 
only about 100 f e e t .  This mean touchdown point  near t h e  1,000-foot mark 
has been the r e s u l t  obtained f o r  a l l  a i r p o r t s  and f o r  a l l  a i rp lane  types 

The mean touchdown point  w a s  
.. 

investigated so f a r ,  regardless  of the  lengths of runways, which have 
varied between about 6,500 f e e t  and about 9,000 feet  i n  length.  
ys i s  of the touchdown points  on two p a r a l l e l  runways iden t i f i ed  a t  
San Francisco as runway 2 8 ~  and 28R (6,500 f e e t  and 8,870 feet, respec- 
t i v e l y )  indicated no s igni f icant  differences i n  touchdown-point d i s t r i -  
butions.  It consequently appears t ha t ,  where runway length i s  more than 
adequate, some other  f ac to r  or f ac to r s  must influence t h e  touchdown point, 
a na tura l  t a rge t  f o r  instance, such as runway or  taxiway intersect ions,  o r  
possibly a desired turnoff point.  The bar graph of f igure  3 ind ica tes  
t h a t  6 percent of t h e  landings a t  Denver occurred a t  o r  beyond t h e  
2,000-foot point ( 4  percent i n  the  in t e rva l  from 2,000 t o  2,400 f ee t ,  and 
2 percent i n  the  i n t e r v a l  from 2,400 t o  2,800 fee t )  whereas l e s s  than 
1 percent ( ac tua l ly  one landing) of t h e  San Francisco landings Occurred 
a t  or beyond 2,000 f e e t  ( i n  t h e  i n t e r v a l  from 2,000 t o  2,400 fee t ) .  
These f a c t s  are a l s o  indicated qui te  graphical ly  i n  t h e  comparison of 
t he  probabi l i ty  curves of touchdown distance ( f i g .  6 ) ,  which shows, f o r  
example, t ha t  whereas 1 out of 1,000 landings a t  Denver w i l l  touch down 
at  o r  beyond about t he  3,000-foot mark, only 1 i n  about 10,000 Landings 
at  San Francisco w i l l  probably do so. 

An anal-  

It  cannot be s t a t ed  categorical ly  t h a t  t h i s  marked difference i n  
dis tances  t o  touchdown points  between Denver and San Francisco i s  due t o  
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t he  e f f e c t  of a l t i t u d e  alone. One f ac to r  which i s  believed capable of 
influencing the  distance t o  touchdown of a i rplanes i n  rout ine operations 
i s  the amount of head-wind o r  tail-wind component of the  wind ve loc i ty  
p a r a l l e l  t o  t he  ac t ive  runway; t h a t  is, higher head-wind ve loc i t i e s  would 
be expected, on the  average, t o  r e su l t  i n  shorter  touchdown dis tances  
compared with touchdown dis tances  f o r  a i rplanes landing with lower head- 
wind ve loc i t ies ,  with t a i l  winds, or  under calm conditions. To ve r i fy  
t h i s  hypothesis the  Denver and San Francisco landings were analyzed t o  
determine the  wind veloci ty  components p a r a l l e l  t o  t h e  runway. 
mean value of head-vind components paral le l  t o  t h e  Denver ac t ive  runways 
was determined t o  be 4.6 knots, whereas the  corresponding mean value f o r  
San Francisco w a s  9.3 knots, or t w i c e  as much. Moreover, 16 percent of 
t he  Denver landings were with a t a i l  wind, whereas only 5 percent of t h e  
Sar, Francisco landings were made with tail-wind components. The statis- 
t i c a l  evidence thus substant ia tes  %he hypothesis w i t h  regard t o  t h e  
e f f e c t  of wind influencing the distance t o  touchdown from t h e  runway 
threshold.  However, j u s t  how much of  t h i s  distance-to-touchdown d i f f e r -  
ence i s  a t t r i bu tab le  t o  t h e  wind ef fec t  and how much i s  due t o  an a l t i -  
tude e f f ec t ,  i f  any, i s  not known. Inasmuch as the turnoff point a t  
Denver of 3,400 f e e t  from the  runway threshold i s  v i r t u a l l y  the same as 
those at San Francisco (3,300 f e e t  and 3,600 f e e t  f o r  runways 2 8 ~  and 28R, 
respect ively)  it appears reasonable t o  conclude that a desired turnoff 
point i n  t h i s  instance would not be expected t o  contribute t o  t h e  statis- 
t i c a l  difference i n  touchdown distances. 

The 

Rolling Velocity 

The comparison of t he  frequency d i s t r ibu t ions  of r o l l i n g  ve loc i ty  
f o r  Denver and San Francisco i s  presented i n  figures 7(a) and 7(b)  f o r  
r o l l i n g  toward the f i rs t  wheel t o  touch, and away from the  f i r s t  wheel, 
respect ively.  The main difference in rol l ing-veloci ty  d is t r ibu t ions  i s  
a grea te r  frequency of Denver landings occurring i n  t h e  lower i n t e r v a l  
( 0  t o  0.5 f t / s ec ) ,  resu l t ing  i n  a mean value of 0.87 deg/sec f o r  Denver 
compared t o  1.19 deg/sec f o r  San Francisco f o r  r o l l i n g  toward first 
wheel ( f i g .  7(a)), and mean values of 0.86 deg/sec and 0.93 deg/sec f o r  
Denver and San Francisco, respectively, f o r  r o l l i n g  away from f i rs t  wheel 
( f i g .  7 (b ) ) .  

The r e l a t i v e  percentages of landings r o l l i n g  toward the  f i r s t  
' wheel t o  touch (59 percent and 55 percent f o r  San Francisco and Denver, 

respect ively)  and away from t h e  f i r s t  wheel (41pe rcen t  and 45 percent)  
were about t he  same f o r  both sets of data. 
b i l i t y  curves f o r  r o l l i n g  toward the first wheel t o  touch and away from 
the  f i r s t  wheel (shown as f i g s .  8(a) and 8(b), respect ively) ,  ind ica tes  
t h a t  t h e  differences i n  the probabi l i ty  values f o r  a given r o l l i n g  veloc- 
i t y  are ne i ther  uniform, nor i n  the same sense between r o l l i n g  toward 
and r o l l i n g  away data. 

The comparison of the proba- 

For example, 1 out of 1,000 landings a t  Denver 
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would be expected t o  equal o r  exceed a r o l l i n g  veloci ty  i n  the  d i rec t ion  

of the  f i r s t  wheel t o  touch ( f i g .  8(a)) of about 5 f t / s e c  with a grea te r  

probabili ty (about 1 i n  100) f o r  the  S a n  Francisco landings t o  equal or  
exceed the same value. For ro l l i ng  away from the  f i rs t  wheel t o  touch, 

1 
2 

t he  probabili ty of 1 out of 1,000 landings equaling or  exceeding 9 deg/sec 
2 

i s  f o r  the San Francisco data, whereas the  greater  probabi l i ty  (about 1 
out of 400 i s  fo r  Denver ( f i g .  8 ( b ) ) .  It thus appears t h a t  there  i s  no 
clear-cut e f fec t  of a l t i t u d e  on the  ro l l i ng  veloci ty  a t  contact according 
t o  these data. 

Bank Angle 

The comparZson of the  frequency d i s t r ibu t ion  of bank angles fo r  
Denver and San Francisco i s  shown i n  f igure 9.  The d is t r ibu t ions  are,  
i n  general, similar f o r  the in te rva ls  of 0.5' up t o  2.5O, with the  
grea tes t  frequency, about 35 percent of the landings, occurring i n  the  
in t e rva l  Oo t o  0.50 f o r  both s e t s  of data. 
than 1 percent (one landing) a t  Denver with a bank angle greater  
than 2 .5O which occurred i n  the in t e rva l  from 3.0' t o  3.50, whereas 
about 4 percent of the  San Francisco landings were above a bank angle 
of 2 . 5 O  with a maximum of bo. 
f o r  San Francisco landings r e s u l t  i n  a marked difference i n  the proba- 
b i l i t y  curves shown i n  f igure 10. A s  was the  case with distance down 
the  runway, it i s  not believed that a l l  t h i s  difference i s  a t t r i bu tab le  
t o  an a l t i t ude  e f f ec t .  Again it i s  believed that the  increased wind 
veloci ty  a t  San Francisco is  a t  l e a s t  pa r t ly  responsible f o r  the greater  
probabili ty of San Francisco landings t o  equal or exceed a given bank 
angle. It has been found t h a t  the  gusty wind condition has a substan- 
t i a l  effect  i n  increasing the  values of v e r t i c a l  velocity,  bank angle, 
and ro l l ing  veloci ty  l i ke ly  t o  be equaled or  exceeded f o r  a given number 
of landings. (See ref. 1. ) 

The d is t r ibu t ions  show l e s s  

These few re l a t ive ly  high bank angles 

c 

& 
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Although none of the landings analyzed herein were made under ac tua l  
gusty wind conditions according t o  the  def in i t ion  i n  reference 7, which 
was the  c r i t e r i a  used f o r  analysis of landings i n  reference 1, the  
average winds were higher a t  San Francisco than a t  Denver, and i n  gen- 
e ra l ,  gustiness increases with increasing wind velocity.  There i s  thus 
evidence which suggests t h a t  the differences i n  bank angles between 
San Francisco and Denver are  not en t i r e ly  due t o  an a l t i t u d e  e f f ec t  but 
may be due, i n  some measure, t o  a wind e f f ec t .  



7 

CONCLUSIONS 

L 

8 

An invest igat ion t o  determine the e f f e c t  of a l t i t u d e  on t h e  statis- 
t i c a l  landing contact conditions of commercial t ranspor t s  during rout ine 
daytime operations from a comparison of measurements of 170 landings a t  
mile-high Stapleton Airf ie ld ,  Denver, with a similar s t a t i s t i c a l l y  homo- 
geneous sample of 170 landings made a t  sea-level San Francisco Internat ional  
Airport  has led  t o  t h e  following conclusions: 

1. The only f a i r l y  de f in i t e  e f fec t  due t o  a l t i t u d e  w a s  on the  ver- 
t i c a l  velocity,  and the  e f f e c t  w a s  t o  reduce t h e  severi ty ,  on t h e  average, 
f o r  landings made a t  the  higher a l t i t ude .  
t he  mile-high Stapleton A i r f i e l d  was 0.92 ft./sec compared with that of 
1.27 f t / s e c  a t  San Francisco. 

The mean v e r t i c a l  ve loc i ty  a t  

2. The airspeeds,  expressed i n  percent above t h e  s ta l l  were v i r -  
t u a l l y  the  same a t  both a i rpor t s ,  with mean values of 24 percent and 
25 percent above the  s t a l l  f o r  Denver and San Francisco, respect ively.  

3. There were s ign i f icant  differences i n  the  s t a t i s t i c s  of touch- 
down dis tances  from the  runway threshold, r o l l i n g  ve loc i t ies ,  and bank 
angles between the  Denver and San Francisco landings. Evidence indicated 
t h a t  these differences may have been p a r t i a l l y  the  r e s u l t  of t he  d i f f e r -  
ences i n  wind veloci ty  p a r a l l e l  t o  the runway a t  t h e  two a i rpo r t s .  
t h i s  reason, t he  e f f e c t  of a l t i t u d e  on these contact conditions could 
not be determined. 

For 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  August 17, 1959. 

. 
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Maximum v e r t i c a l  
velocity, f t / sec  Airport 

Denver 3.6 
San Francisco 3.9 

9 

Mean vert ical  Standard deviation, 
velocity, f t / sec  f t / s e c  

0 * 917 0.738 
1 * 273 .714 

TABLE I.- VAIUES OF STATISTICAL PARAMCPERS FOR LANDING-CONTACT CONDITIONS 

Denver 
San Francisco 

2,768 1150.6 463.5 0.906 
2,011 1057.6 380.7 .476 

Coefficient of 
skewness 

1.162 

( b )  Bank angle I Maximumbank Airport 
angle, deg 1 ~ ~~~~ 

Mean bank angle, Standard deviation, Coefficient of 
deg I deg I skewness 

I Denver 
San Francisco 

3.4 
4.0 

0.584 1 .750 
0 * 791 

.858 1 0.930 
1.453 

( c )  Rolling velocity 

Maximum ro l l ing  
velocity, deg/sec Airport 

Mean rol l ing Standard deviation, Coefficient of 
skewness 

Denver 
San Francisco 

aValues f o r  ro l l ing  i n  direct ion of first wheel t o  touch. 
h a l u e s  f o r  ro l l ing  away from f i r s t  wheel t o  touch. 

(d)  Airspeed, percent above s ta l l  

I Standard deviation, Coefficient of I I skewne s s Airport percent above stall percent above stall percent above s ta l l  
Mean airspeed, I Maximum airspeed, I 

I Denver 
San Francisco 

53 
55 

25.1 10.20 
24.0 11.06 I 0.236 

.I98 

(e)  Distance from start of runway 

Maximum distance, I f t  Airport I I Standard deviation, Coefficient of I skewness I f t  
Mean distance, 

f t  

c 
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Figure 1.- Comparison of frequency distributions of vertical velocity 
for 170 landings each at Denver and San Francisco. 
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Figure 2.- Comparison of probability curves of vertical velocity for 
170 landings each at Denver &nd San Francisco? 
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Figure 3.- Comparison of frequency d is t r ibu t ions  for percentage by which 
contact airspeed exceeds s t a l l i n g  speed. 
of 0.9 of maximum permissible landing weight. 

S t a l l i ng  speed fo r  condition 
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Figure 4. - Comparison of probabi l i ty  curves for percentage by which 
* contact a i rspeed exceeds s t a l l i n g  speed. 
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Figure 5.- Comparison of frequency distributions of touchdown distance 
from runway threshold. 
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Figure 6.- Comparison of probability curves of touchdown distance from 
rimway threshold. 
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Figure 7.- Comparison of frequency d i s t r i b u t i o n s  of r o l l i n g  veloci ty  
toward and away from first wheel t o  touch. 



3T 

50 

40 

30 

20 

IO 

0 
0 
to 
0.5 

0.5 
to 
1 .o 

L_1 Saa Francisco 
E Z l  Denver 

-1 

1 .o 1.5 2 .o 2.5 
to to to to 

1.5 2 .o 2.5 3 .O 
Rolling velocity, deg/sec 

( b )  Rol l ing away from f i r s t  wheel t o  touch. 

Figure 7.- Concluded. 
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. . . __ 

R d h g  velocity, deg/sec 

(a) Rolling i n  d i rec t ion  of first wheel t o  touch. 

c 

. 

Figure 8.- Comparison of probabi l i ty  c u v e s  of r o l l i n g  ve loc i ty  toward 
and away from first wheel t o  touch. 
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Figure 8. - Concluded. 
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Figure 10.- Comparison of probability curves of bank angle. 
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